W
ritten goals and objectives lay the foundation for achieving success in most disciplines, including business, science, and education. Written contracts between health educators and patients have resulted in improved outcomes by shifting the locus of control from the health care provider to the patient (1-3). These principles have not typically been incorporated into medical school curricula, nor are physicians exposed to innovative modes of communication that may aid patients in achieving their health goals. For example, people who know their health goals and believe that these goals are within their control are more likely to have improved outcomes and engage in self-care behaviors, including exercise and weight loss programs (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) .
Despite the successful efforts of numerous national organizations in raising public awareness of the role of HbA 1c in the development of diabetes-related complications, most patients with the disease have never heard of the term HbA 1c and do not know their HbA 1c levels and target goal. Numerous studies underscore the opportunities missed by physicians for providing diabetes counseling aimed at optimizing glycemic control (8 -18) . For example, among large managed care organizations in which 92% of patients perform self blood glucose monitoring, less than one-third had heard of the "AOne-C" test (16, 17) .
Traditional diabetes self-management training programs have had limited efficacy on glycemic control when evaluated 6 months after the intervention (18 -25) . Conventional methods of communicating health messages to patients via brochures, videos, and booklets are also of limited value, and there are no standardized educational materials demonstrating efficacy in improving diabetes outcomes (26 -28) . Because physicians have less time to see more patients, and preventive services are almost nonexistent in most practices, creative solutions are required to address the realities of modern health care. We designed a computer program that produces unique, customized computer-generated tools that provide patients with their diabetes status, goals, and steps to meet these goals. We set forth to evaluate whether personalized and uniquely delivered laboratory results along with written goals might facilitate HbA 1c lowering.
RESEARCH DESIGN AND
METHODS -Identification and enrollment was initiated among 150 patients with diabetes completing an American Diabetes Association (ADA)-recognized diabetes education program during the 3-month period before study enrollment. All patients were enrolled between October 1998 and April 1999.
Exclusion criteria
Patients giving a history of renal insufficiency with a creatinine level Ͼ1.5 mg/dl, women who were pregnant at the time or planning a pregnancy during the study period, and patients using insulin pumps were excluded. Patients who could not read were excluded from the study. To avoid spurious HbA 1c results, patients who received a blood transfusion within the past 30 days and those with an underlying illness, such as malignancy or a condition that was expected to impact their survival over the next 6 months, were also excluded.
Protocol
All patients were told they were entering an educational study designed to evaluate the impact of diabetes educational tools on outcomes. Patients who met enrollment criteria and agreed to participate were asked to read and sign an informed consent document. A certified diabetes educator (CDE) obtained each patient's baseline demographic data, weight, and blood pressure level, as well as a list of current medications. Additionally, laboratory tests including HbA 1c , direct LDL cholesterol, HDL cholesterol, and spot urine for microalbumin were performed on all patients. Baseline HbA 1c level was not a study exclusion.
Each participant completed a brief patient questionnaire. It included the patient's report of diet, exercise, smoking habits, frequency of foot examinations, and the date of the most recent dilated eye examination. The questionnaire provided multiple options, and participants were asked to select the one best choice. Included was a question of whether or not patients had heard of the term "hemoglobin A1c" or the "A-One-C" blood test. All patients who were not aware of the test were told about the test and its importance in evaluating diabetes control.
After the initial interview, we randomly assigned patients to standard care or the experimental intervention. All baseline patient data and questionnaire responses were entered into a relational database and algorithm. Of the 150 patients enrolled in the study, 75 were randomly assigned to the control group and were assigned 75 to the intervention arm using block randomization. Patients provided the names of all physicians to whom they would want their laboratory results sent, and standard laboratory reports were sent to all of these physicians.
Standard care (control)
Patients in the control group received usual diabetes healthcare advice provided by their physician during the study period. Other than the initial interview by a CDE, no additional diabetes educational materials were provided (Table 1) .
Intervention
Each patient in the intervention group received a computer-generated customized report presented as an 11" ϫ 17" laminated color poster backed with magnets, with a bulleted list of personalized goals and recommended steps for achieving the goals (Fig. 1) . The individual's report was generated from a Microsoft Access-based decision support system that collected patient information from the enrollment questionnaire and matched it against a knowledge base of established diabetes, cardiovascular, nutrition, and exercise guidelines.
There was no subjective interpretation from the personal interview. The questionnaire asked participants to provide the names of family members, pets, or friends who exercise, cook, or share time with the participant, and these names were included in the personalized reports. The posters included discussion points for patients to mention to their physicians. For example, for a patient who was treated with a submaximal dose of a glucose-lowering medication but had not achieved their HbA 1c goal, their action plan would include a recommendation to talk to their physician about optimizing their glucose-lowering medication. The report included both the generic and trade names of medications. Patients also received a personalized wallet card (Fig. 2 ) that included their baseline HbA 1c , lipid, and blood pressure status, with room to document subsequent values. For the duration of the study, each patient was sent one postcard ( Fig. 3) per month that emphasized the relation between HbA 1c and diabetesrelated complications and provided an action step for lowering HbA 1c (Table 1) .
After receipt of the poster and personalized wallet card, intervention patients received one phone call from a health educator to discuss their personalized poster. This structured phone call lasted no more than 10 min and strictly focused discussion on the patient's report. There were no other educational, nutritional, or exercise interventions provided. The health educator told patients to discuss issues and questions regarding medication and dosing with their primary physician.
In addition to a traditional laboratory report form, physicians whose patients were randomized to the intervention received a unique color report (Fig. 1) that was similar to the poster that their patient received but was designed for the patient's medical record. In addition to a graphic display of their HbA 1c , both the patient's and physician's personalized report included information on the patient's blood pressure, lipid, and microalbumin status; the date for the patient's next dilated retinal examination; and bulleted suggestions on management of their patient based on the following: ADA's 1998 Clinical Practice Recommendations, the Kaiser Permanente of MidAtlantic Region Clinical Guidelines to the Management of Diabetes, the National Cholesterol Education Program, Healthy People 2000, the National Institutes of Health Consensus Statement on Physical Activity and Cardiovascular Health, and the Departments of Agriculture and Health and Human Services' Dietary Guidelines for Americans (29 -34) . The tailored suggestions were tested among patients and physicians before the study for their appropriateness. ing a total recruitment size of 146 to complete the study (37) . These estimates were conservative because they assumed an analysis would be univariate. The analysis used a t 2 test (a multivariate t test). The experimental-wise error rate was set at 0.05 (the test-based ␣ was 0.025), and the type II error rate was set at 0.2. Analysis of results. The major outcome variable was HbA 1c . Differences between pre-and posttreatment intervention periods and the control group at baseline and follow-up were assessed using parametric (Student's t tests), nonparametric (median tests), and contingency table analyses (Fisher's exact tests) to detect the difference in demographics and laboratory assignment variables between the patient study groups. The changes observed within each cohort were evaluated for significant differences between the pre-and postintervention periods using a twotailed paired t test. The significance of the difference between the treatment and control groups was evaluated by repeated measures of analysis of variance that tested for changes between the two groups from the pre-to postintervention periods while controlling for the different baseline values on the outcomes of interest. A P value Ͻ0.05 was considered significant.
RESULTS -Of the randomized patients, 85.3% completed the study and were evaluated in the final analysis. There was one death in the control group that was attributed to cardiovascular disease. Three patients in the control group developed chronic debilitating syndromes (e.g., cancer) and were dropped from the study, two lab specimens were lost, and five patients declined follow-up after initial enrollment.
Among the intervention group, there was one death, two lost laboratory specimens, and seven patients who declined follow-up. One patient developed a chronic debilitating illness requiring chronic corticosteroid therapy and was dropped from the study. We report the data on the 128 remaining patients in the intervention and control group, all of whom completed the final questionnaire and returned for follow-up HbA 1c and cholesterol testing.
There were no significant differences between the intervention and control groups with respect to baseline age, sex, education level, race, baseline cholesterol levels, and comorbidities (Table 2) . Patients were similar with respect to baseline HbA 1c and LDL and HDL cholesterol. More than half of the patients in each group reported a history of hypertension, and 75% (49 control and 45 intervention patients) had a baseline HbA 1c Ն7.0%. At the 6-month follow-up, there were no significant differences in outcomes within or between groups with respect to weight, systolic or diastolic blood pressure, or lipids (Table 3 ). There was also no difference between the control and intervention groups with respect to the percentage of patients in each group who experienced a decline in HbA 1c (63 vs. 69%; P ϭ 0.87).
At the study close, the intervention patients had a significant reduction in HbA 1c compared with control subjects (Table 4) . Among patients with a baseline HbA 1c Ն7.0%, there was an 8.6% (0.77% absolute) reduction in HbA 1c among control subjects and a 17.0% (1.69% absolute) decline in the intervention group (P ϭ 0.032).
In both the control and intervention groups, the most sizable and significant reductions in HbA 1c were noted among the subgroup of patients who lowered their HbA 1c during the study period and were classified as responders. Responders in the control group experienced a decline of 13.3% (1.15% absolute) as compared with intervention responders, who had a decline of 24.2% (a 2.26% absolute reduction; P ϭ 0.0048) during the study period. Altogether, 61% of responders who were not at the goal at baseline in the intervention group and 38% of control patients achieved an HbA 1c of Յ7% (P ϭ 0.05) by study end. 
BP, blood pressure.
Computer-generated personalized goals impact HbA 1c
There were no significant changes in weight during the study period seen in either the control or intervention patients ( Table 3 ). The intervention was equally effective among patients who had only grade school or high school education compared with those with a college education. At the study close, 77% of all patients in the intervention group reported that their poster remained displayed on their refrigerator. Patients in the intervention group reported greater changes in their diabetes medications; they were also more likely to talk to their physicians about checking their HbA 1c level and were knowledgeable of the HbA 1c test, but these self-reported outcomes trended toward, but did not achieve, statistical significance.
CONCLUSIONS -Putting prevention into practice is one of the three major goals of Healthy People 2000, the national health promotion and disease prevention objectives of the U.S. Department of Health and Human Services (30) . Based on the simplistic hypothesis that knowing ones own glycemic status and goals could potentially improve performance, the study set forth to put prevention into practice among patients with diabetes by developing and testing the impact of computer-generated personalized empowerment tools that were designed to lower HbA 1c concentrations and that required no effort on the part of the health care provider.
Similar to many other studies, we found that diabetes educational interventions do not result in a decline in HbA 1c among all patients (19) . After an ADArecognized education course, Ͼ60% of the patients experienced a reduction of their HbA 1c level during the study period, yet even greater improvement was seen among patients in the intervention group. We attribute these findings to the constant visual reminder to patients and their families of their diabetes status and goals.
We are particularly impressed by the ability of the intervention to lower HbA 1c in a predominately minority population, demonstrating the cultural sensitivity of the intervention. The visual nature of the intervention may also have contributed to the success of the intervention in a population with less than a college education.
The Industrial Revolution taught that performance and production among assembly line workers were enhanced when individuals knew their goals and were given feedback on their own production rate (37) . These same theories of enhancing task performance by involving patients directly with their diabetes goals were used in this study. Unlike providing generalized knowledge on the subject of diabetes, we allowed patients and their families to have a benchmark of their personal diabetes status and their goal.
The poster was not thrown away or filed away in a drawer, and most of the patients kept the poster up on their refrigerator for the duration of the study. All patients were recruited from those who received diabetes education during a 3-month period before recruitment, and thus our patient population was sufficiently motivated to voluntarily attend an ADA-recognized self-management program, which may explain why the majority of patients in both groups experienced a reduction in HbA 1c .
It was the objective of the researchers to help patients feel that good health is within their ability to achieve, i.e., to strengthen their internal locus of control (38, 39) . We embraced the concepts of Dr. Elliott P. Joslin that "the person with diabetes who knows the most about their disease, lives the longest" (40). The investigators believe that the greatest impact resulted from a patient seeing his or her own diabetes status and goal.
The software algorithm uses laboratory data and patient data derived from a short questionnaire that can be self-administered. The investigators have developed a system to make these tools available to physician practices and managed care populations; this system may serve as an adjunct to traditional diabetes self-management training, with potential HbA 1c lowering comparable to that of oral agents.
Although we demonstrated that personalized empowerment tools could potentially have a significant impact on short-term HbA 1c outcomes, further study is necessary to determine the longterm implications of personalized empowerment tools, such as the ones we designed on diabetes-related outcomes. As we develop a strategic health plan for the 21st century, the critical research that identifies the genetic, physiological, and environmental determinants of disease must also be accompanied by clinical research that evaluates how scientific advances can best be translated into practical steps that patients can use to improve their health. control on health outcomes for older men and women: a longitudinal perspective. 
